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Thero is current among blackemiths, mechanics and 
iron workers in general a curious belief to the effect that 
if an iron rod held in the hand is heated red hot at one end 
and this end then suddenly chill od by plunging it into v.ater, 
the heat will be driven to the other end so as to be plainly 
felt by the hanl. Since this has apoeared in print at 
Various times and has been held for a long time, it seems of 

sufficient importance to demand experimental investigation 

and probable refutation* 

An attempt v/8vs made to find some accoimt of a 
previous investigation of this mailer, but careful search 
through various scientific and technical journals, Science 
Abstracts and a numbor of text books on heat r . . .onluction 
failed to show any mention of previous \vork on this subject.- 

The reason given for the occurrence of such a 
phenomena is imknown* It might be supposed, hov/ever, that 
the shock of the sudden cooling might in some manner cause 
a v;ave of heat to pasc up to the other end of the rod and 
so raise the temperature. But this rise in temperature 
would have to be ver^i rapid and of appreciable magnitude in 
Order to be perceptible to the hand, which is not sensitive 
enough in general to be able to judge a small rise in 
temperature very accurately unless it is quite rapid. 
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According to present theory, heat is a form of 
energy and the result of heating- any portion of matter is 
the addition of energy. This energy is absorbed In the 
form of an increase in i;he kinetic energy of the molecules, 
which are assumed to be in constant vibration, the velocity 
with which thoy vibrate varying with their temperature. If 
one portion of the body is at a higher temperature than the 
rest the molecules then v/ill be vibrating faster than the 
others. In this movement, however, they are constantly 
strikinp cgainst other molecules and with their greater 
velocity they naturally give the others an added impetus, 
and so the energy, which is really heat, is diffused or con- 
ducted throughout the various parts of the body. 

According to this, therefore, it will at once be 
seen that there should be no heatin^-- of the other end of 
the iron bar or other material. For, if the heated end is 
suddenly cooled, that will r< suit in a marked decrease in 
the velocity with which tliC molecules are moving, in that 
portion, and the other parts cannot therefore receive any 
added energy but in reality must give up some of their own, 
and so there will be a cooling of the other parts instead of 
a heating. 

To put this fact to actual e>:perimontal test, two 
iron rods exactly equal in size and length v;ere placed 
parallel to each other an 1 held in this position by strips 
of asbestos boe.rd. By heating these rods together and 
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cooling one, and using the other as a standard of com- 
parison, it could be easily determined \.]:iother th(?re had 
been any increase or decrease in temperature. 

To compare the two temperatures, a thermo-couple 
was mi5.de of copper &nr oonstaniin wire, the junction 
being fused together. One junction was placed in a small 
hole in the upper end of one rod and the other in a similar 
hole in the other. If there occurs any difference in tem- 
perature betw. en t>.e tv;o junctions, a current ill flow and 
by putting a galvanometer in the circuit this can be de- 
tected. 

Several experiments v/ere m.* de with these rods but 
no Very decisive results were ob'jaineJi, so a ne- arrangement 
was set up. (See Sketch). The new rods were longer and 
heavier than the others, being 55.26 cm. long and 1.270 cip. 
in diameter. Four thermo-couples were used instead of 
one, placed at equal distances along the rods t:nd connected 
to four double switches (See diagram) in such a v;ay that each 
one could be separately connected to the galvanometer. This 
made it possible to compare the temperature changes at four 
different points in the rods anJ so discover aby variations 
that might occur in the results due to distance from the 
source of heat. 

Various methods for heating the rods were tried, 
the main object beinfr to get some means by which both rods 
mipht be heated equally to a tempo: ature sufficiently high 
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to pive satisfuctory results* Heating v/ith a gras flame 
:^roved to be out of the v^uertlon because of the great vari- 
ation in the amount of heat supplied* It also took too 
long a time to get the rods hot enough. Putting the ends 
of the rods in melted lead v^as successful as far as equal 
heating was concerned, but they could not be gotten hot 
enough. An attempt u-us made to uce copper instead of 
lead, but it proved to be too difficult to melt the copner. 
The method finally adopted rjcs the kryptol resister furnace, 
v/hich v/hen run by a 220 volt alternating current v/ith from 
25 to Sr; amperes, gave sufficient heat^^anl both rods could 
be heated equally. 

The ends of the two rods W'^re pl^^ced in the 
kryptol v/hich heated them red hot for about an inch of their 
lov.'er extremities. In ordor to get uhem equally heated, it 
was found necessary to heat tho furnace up for a fev; minutes 
before hand in order to i;ave it assume a uniform temperature, 
^hen the rods v;ere jemovei from the lurnace the end of one 
of them v;as dipped for about half tn inch into cold v^ater. 
To immediate effect on the galvanometer v/^,s appareiit, but 
after a short time, depenJintT on the distance of the thermo 
couple used from the coded end, the galvanometer was de- 
flected in a direction indicating a cooling effect, is a 
piece of ice touched to that junction of the thermo-couple 
had the same effect. The amount of this deflection varied of 
course v;ith the temperatiu-e ana the lenptji of time that the 
rod was coolel. 
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SOURCES OF 3RR0R. 

At one time it v'as thought th-t a slight heating 
effect occurrci, tut after investigation it was discovered 
that the steam rising v/hen the red hot end of the rod was 
suddenly thrust into the water sometimes surrounded the 
thermo-couple and so produced this unusual result* By 
placing a shield of asbestos around the lower ends of the 
rods, no further trouble from this source was evident. 

In order to avoid the heating efl'cct which v;ould 
result if a part of the electric current through the fur- 
nace- should pass across the thermo-cou^^ies, several turns 
of "bare copper wire were wound around the upper ends of 
the rods so that the current would take this path and not 
heat the thermo-couples. This resulted in the conduction 
of a large share of the heat from the uncooled rod over 
to the other, so that the cooling effect was not very 
strong using the upper tv/o thermo-couples. In order to 
heat the rods v/ithout the copper conductor, it was 
necessary to get the furnace hot enough so that the current 
could be turned off and the rods still be heated by the 
heat already present in the furnace. 

The thermo-couples were found to be so sensitive 
that if the rods v/ere left hanging near the furnace, they 
would be affected by the heat, the result being similar to 
that due to steam rising around the thermo-couples. 
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SPECIFIC R7.CU1TS. 

The accompanying plots show some typical variations 
of t ^e g-alvanometer deflection due to the coolinp of the 
lower end of one of the rods. The rod was cooled hy "being 
plunged for about one cer.timeter into ice cold water, at 
th: beginning of t>:e indicated time, and the deflection of 
thegalvanoraeter v/as read at the second intervals until it 
seemed as if h condition of balance had been reached. The 
plots are marked as to which thermo-couple was used and two 
typical runs arc given "^'or o^ch thermo-couple. Tiie last 
plot shows the vtjrl/ition in the amount of cooling effect be- 
tween the different thermo-couples and the variation in the 
length of tlMO necesr.ary for the cooling effect to become 
evident, the t/iermo-couples farthest away taking a groat deal 
mo>-e time ar.'l g'vin"- less ch^mpe in temperature. 

^ile in come ca£:e3 there is a drop ir. the deflection 
indicating a heating effect, a large number of riinhj .shows tiiat 
this was not a (ionr:tant condition but ojily occurred occar.ion- 
ally and therefore is due to other causes. The actual result 
is then that in every case, ...jinr either rod or any of the 
thermo-couples, .j deflection variel in such a manner as to 
indicate a deeidoi cooling effect. 

The thermo-couple w,re found to give a:. out one 
centimeter deflection per degree difference of temperature 
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so that it can "be seen that the successive deflections 
measure changes amounting to less than a tenth of a degree- 
Such a change is of course imporcet)tible to the hand j:nd 
therefore if there was any heating effect perceptible to 
the htnd or even many times too siaall to he felt by the 
hand, it would suroly have been evident. 

The probable origin of this belief amon^;^ iron 
workers is that the heat from the hot end of the rod is 
just beginr.ing to reach the end held in the hand at about 
the time *>he lo'vor end is cooled. The rising of the ,steam 
around the rod v/ould tend to increa^:e this effect by caus- 
ing one to think that the rod w<':.s v/armer also. 
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